Proteinaceous parasporal crystals, toxic predominantly to lepidopterous larvae, are produced by Bacillus thuringiensis during sporulation (1) . However, a few subspecies, such as B. thuringiensis subsp. israelensis, produce crystals that are highly toxic to the larvae of mosquitoes and blackflies (1) . The effectiveness of such subspecies against medically important insect pests has led to the search for other strains with similar host ranges. B. thuringiensis subsp. kyushuensis (10, 11 ) is a mosquitocidal isolate. The crystals of this strain, like those of B. thuringiensis subsp. israelensis, appear irregularly shaped when examined by phase-contrast microscopy (1, 13 B. thuringiensis subsp. israelensis crystals were purified as previously described (3). B. thuringiensis subsp. kyushuensis crystals were purified by adjusting the spore-crystal mixture to 40% (wt/wt) sodium bromide and centrifuging it at 15,000 x g for 20 min. Under these conditions, spores and debris float to the surface, and most crystals pellet. Crystal purity was monitored by phase-contrast microscopy. Both types of crystals were alkali solubilized for bioassay as previously described (3).
B. thuringiensis subsp. israelensis crystals were solubilized for polyacrylamide gel electrophoresis (7) Mosquito larvae (Aedes aegypti) were bioassayed as previously described (3). Manduca sexta was bioassayed by placing 10 neonate larvae per treatment individually in 4-oz (ca. 115 ml) cups containing diet on which was adsorbed a known quantity of crystal. Mortality was determined after 48 h and again at 7 days. After 7 days, survivors were weighed and the treatment results were compared by single-classification analysis of variance of log-transformed weights and Tukey's honest significant differences (9) . Analysis was * Corresponding author.
performed with the assistance of the program PC-MULTI (version 1.1; Gerard E. Dallal, U.S. Department of Agriculture Human Nutrition Research Center, Tufts University, Boston, Mass.). Monoclonal antibodies (3) and immunoblots were prepared as previously described (6) .
Examination of sporulated cells of B. thuringiensis subsp. kyushuensis by electron microscopy ( Fig. 1) revealed that the crystals were homogeneous, irregularly shaped bodies with thick, closely adhering, electron-dense coatings. In contrast, B. thuringiensis subsp. israelensis crystals were typically composed of several distinct and often agglomerated bodies enclosed in a loose covering (13) .
The crystals of B. thuringiensis subsp. kyushuensis were composed primarily of peptides of four sizes ( Fig. 2A) , from about 15 kDa (not shown) to 150 kDa.
Two of the B. thuringiensis subsp. kyushuensis peptides cross-reacted with monoclonal antibodies formed against B. thuringiensis subsp. israelensis crystal peptides (Fig. 2 ). An anti-68-kDa-peptide monoclonal antibody cross-reacted strongly with the 26-kDa peptide of B. thuringiensis subsp. kyushuensis (Fig. 2B) . The 75-and 80-kDa peptides of B. thuringiensis subsp. kyushuensis (Fig. 2E ) cross-reacted with a monoclonal antibody directed against the 135-kDa peptide of B. thuringiensis subsp. israelensis. The other two peptides visible in this size range ( Fig. 2A) subsp. kyushuensis crystals either had an extremely low level of toxicity to the hornworm larvae or inhibited feeding at very high concentrations. In contrast, a 10_,ug/cm2 concentration of crystals isolated from B. thuringiensis subsp. kurstaki, which is known to be very toxic to M. sexta, killed 100% of the neonate larvae within 48 h. The lack of hemolytic activity of B. thuringiensis subsp. kyushuensis crystal protein preparations is probably not the cause of its low mosquitocidal activity, since the addition of the purified hemolytic B. thuringiensis subsp. israelensis 28-kDa peptide did not result in an increase in toxicity (unpublished data).
